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1
Introduction

The study item description sheet [1] on LTE Device to Device Proximity Services, states as an objective:

"For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage".
In this document we explore some possible network topologies that can be considered for the direct UE-to-UE communication while out of network coverage. The objective is to ensure that RAN1 captures all possible topologies that may be considered as part of the overall study. 
2
Network topologies when out of E-UTRAN coverage
2.1
Alternative Topologies
When UEs are in network coverage the UE may be considered as fulfilling the slave role in a master/slave relationship.  However for communicating UEs when out of E-UTRAN coverage there is no such immediately apparent relationship.  There are two alternative topologies shown in Figure 1.

[image: image4.png]











Figure 1 – Possible network topologies when out of coverage
In the Ad-hoc topology any given UE may communicate with any other UE that is within range. There is no network-wide synchronisation or central controlling entity for scheduling.  In the Star topology, one of the UEs temporarily assumes a master role and provides synchronisation for all UEs within range.  All data is exchanged via the master in a similar fashion to an eNode B.
 A disadvantage of the Star topology is that two UEs engaged in communication require two communication links, whereas the Ad-hoc approach only requires one.  Additionally a master UE could become a single point of failure.

However, if the u-plane and c-plane are considered separately then some of the disadvantages of the Star topology can be overcome as described below.  Four independent combinations result if the topology for the c-plane and  u-plane can be either Ad-hoc or Star, as shown in Table 1.  However, we consider only three of these combinations to be valid.
Table 1 - Combinations of topologies for control and user planes

	Configuration
	C-Plane
	U-Plane
	Applicability

	1
	AD-HOC
	AD-HOC
	Applicable

	2
	STAR
	AD-HOC
	Applicable

	3
	AD-HOC
	STAR
	Not Applicable

	4
	STAR
	STAR
	Applicable 


We consider 1, 2 and 4 as applicable. Configuration 3 is an unusual configuration and is considered to be nonsensical. Taking 1 and 2 from Table 1 gives the straight 'Ad-hoc' solution and the 'Hybrid Star' as shown in Figure 2.  Configuration 4 is considered to cover the Relay mode case and is shown in Figure 3.
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Figure 2 – Comparison of Control and Data paths for the Ad-hoc and Hybrid Star topologies
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Figure 3 – Control and data paths for the Star Relay topology
2.2
Advantages and Disadvantages
There are many advantages to keeping the c-plane under the control of a temporary master.  The main one is that LTE layer 1 may  be reused to a large extent. C-plane information is exchanged individually between each UE and the master UE (this includes PSS/SSS, Reference signals, HARQ Ack/Nack, PDCCH, PBCH and Sys Info).
If a high degree of reuse is desired for UE-to-UE communication then the Hybrid Star topology may be considered as a more suitable choice:
· The LTE multiple access scheme relies on good synchronisation between UEs.  Having the master provides synchronisation information which would enable those UEs within its coverage to obtain good frame alignment. 
· A centralised scheduler uses physical resources more efficiently.
If an Ad-hoc topology is used there is no easy way of synchronising UEs locally in a cluster.  Typically, Ad-hoc topologies rely on some form of carrier sensing to gain access to the physical resource.
Advantages of the Hybrid Star Topology:

· Possibilities exist to reuse the existing LTE Layer 1 solution with a UE temporarily assuming the master role.
· The architecture of out of coverage UE-to-UE communication may have similarities to the ProSe in coverage case. C- plane communication is exchanged with master UE and u-plane is exchanged directly between UEs.
· A synchronised cluster of UEs reduces interference within the cluster and allows more efficient usage of physical resource.
A disadvantage of the Star topology is the single point of failure.  However, this problem can be overcome by having a mechanism to handover the role of master to another suitable UE in the cluster.  If the temporary master fails or leaves the cluster then another UE takes on that role.
3
Conclusion 
It appears that the Hybrid Star topology takes the good aspects from both Ad-hoc and Star. The c-plane Star allows good synchronisation between UEs, and the u-plane Ad-hoc improves radio efficiency.  By having a c-plane Star topology a high degree of Layer 1 reuse may be possible, and as such we believe it should be considered as part of the study.
Proposal: The deployment scenarios must be able to support the Hybrid Star topology.
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